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TECHNICAL MEMORANDUM* 


SURFACE TO 90 km WINDS FOR KENNEDY SPACE CENTER, 
FLORIDA, AND VANDENBERG AFB, CALIFORNIA 

INTRODUCTION 


This document updates two previously published documents il,2j and 
presents empirical, bivariate normal (Gaussian) wind component statistics for 
Kennedy Space Center (KSC), Florida, and Vandenberg AFB (VAFB), Cali- 
fornia, for altitudes 0 through 90 km. The bivariate normal statistics for all 
months, January through December, for the 90 degree flight azimuth are given 
in tabular form as well as presented in figures. The normal distribution was 
not applied to the annual reference period since this is a heterogeneous sample 
and should not be represented by a univariate statistical model. 

The standard meteorological notation for this 90 degree flight azimuth 
defines u as the zonal wind component (+ from west) and v as the meridional 
wind component (+ from south) . The sample estimates of the theoretical mean 
\i are u and v . The sample estimates of the theoretical standard deviation 
a of the zonal and meridional wind components are S(u) and S(v) , respec- 
tively. R(uv) is the sample estimate of the theoretical correlation coefficient 
between u and v, while N is the sample size. The five statistics ii, v, S(u), 
S(v), and R(uv) completely define a bivariate normal elliptical distribution. 
From these five parameters the probability distributions described by Smith (3) 
and the statistics for any rotation of the orthogonal axes through any arbitrary 
angle a , presented by Falls and Crutcher |4] , can be computed. This interest 
is motivated from an application of wind component statistics with respect to any 
flight azimuth of an aerospace vehicle. Because of this important application, 
the necessary expressions for this operation, given in Reference 4, are repeated 
here. Presented are the final rotational equations for the means, variances, and 
correlation coefficients: 

1) Rotation of the means through n degrees: 
u q = u cos (90 -a) + v sin (90 -a) 

V q = ? cos (90 -a) -u sin (90 -a) 

* This document supersedes TMX -64771 11) and TMX -64897 (2) and should be 
used in place of them. 



2) Rotation of the variances through a degrees: 

S(u)^ = S(u) 2 cos 1 (90 - a) + S(v) 2 sin 2 (90 -cv) 

+ 2R(uv)S(u)S(v) cos (90 - a) sin (90 - a) 

S(v)^ - S( v) 2 cos 2 (90 - a) * S(u) 2 sin 2 (90 - o) 

- 2R(uv)S(u)S( v) cos (90 -a) sin (90 -<v) . 

3) Rotation of the linear correlation coefficient R(uv) through o 
degrees: 

s < uv> „ 

R < UV >« " S(u) S( v) 

'a a 

where S(uv)^ is the rotated covariance expressed as: 

s ( uv ) o = S(uv) (cos 2 (90 - o ) - sin 2 (90 - o ) 

+ cos (90 - o ) sin (90 - o ) (S(v) 2 - S(u) 2 ) | 
and 

S(uv) = R(uv)S(u)S(v) . 

By using these rotational equations, the bivariate normal distribution with 
respect to any desired rotated coordinates can be obtained from sample estimates 
that have been computed with respect to a specific axis. The marginal distribu- 
tions after rotation are also normally (univariate) distributed. By using the 
rotational equations , computational efforts are greatly reduced for applications 
requiring statistics with respect to several coordinate axes. 


DATA USED 

This report updates the empirical wind data samples previously used 
from 0-27 and 28-70 km altitude regions for KSC and VAFB, with the data 
presented being extended to 90 km altitude. Both 0-27 km data samples used 
serially complete data with 13 880 observations (N) extending over a 19-year 
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period (January 1956 through December 1974) available at all 28 altitude levels 
for KSC, and N = 7 304 observations from January 1966 through December 1974 
for VAFB. The serially complete data are obtained from twice daily radiosonde 
balloon releases at each site, with the exception of KSC releases between 
January 1962 and December 1966 when four daily soundings were obtained. 

An 8-year (1969-19 7 6) rocketsonde data sample, consisting of nonserially 
complete wind observations that decrease in number versus altitude, was used 
between 28 and 90 km for both sites. The number of rocket wind observations 
varied with month and especially with altitude. These data are presented up to 
90 km altitude if more than two observations were available. Point Mugu, 
California, rocketsonde data were used for the Vandenberg 28 to 90 km statis- 
tics because it was the closest rocketsonde observational site to VAFB. 

All wind data used in this study were originally recorded as vector winds 
(wind speed and corresponding direction). These vector winds were subse- 
quently resolved into components along the azimuths 0 = 90 degrees and 0 = 
360 degrees ( true north) . 

Over the last 10 years the Meteorological Rocket Network (MRN) ranges 
have been measuring the upper atmosphere with instrumentation sent aloft by 
more powerful meteorological rockets, such as the Super Loki System. This 
allows for the measurement of the atmospheric properties in excess of 90 km 
altitude, which is far above the previously limiting altitude of approximately 
60 km that had been attained by conventional Areas and Loki type MRN rocket 
systems in the earlier days of high-altitude atmospheric data gathering. One 
item that the new MRN data show is that the altitude of maximum wind speed is 
a little higher than previously thought. The early MRN data seemed to indicate 
the altitude of max wind speed (above the jet-stream winds) band to be located 
between 55 and 60 km altitude, since observations were limited, and question- 
able, above the 60 km level at that time. The newer rocket wind data sample 
for these two sites indicates the peak to be located between the 62 and 65 km 
level for most months of the year. This is another reason for updating the 
winds-aloft information for the two sites. 


DATA PRESENTED 


From previous studies 1 1,2] it has been determined that the normal 
distribution provides a reasonable and adequate model for fitting surface and 
aloft wind components at KSC and VAFB locations. This bivariate normality 
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assumption is used in this report. The reader should consult these two refer- 
ences for more information on the type of normality statistical testing done. 

The bivariate normal statistics for all months are presented in Tables 
1. 1 through 1. 12 for KSC and in Tables 2. 1 through 2. 12 for VAFB. They are 
given for a 90-degree flight azimuth (o = 90 degrees), which is the standard 
meteorological notation that defines u as the zonal wind component (head-tail 
wind) and v as the meridional wind component (crosswind), where a positive 
(+) u indicates a wind from the west and a positive (+) v indicates a wind from 
the south. The wind components presented in this report are given in units of 
meters per second. Even though small wind data samples exist in the 70 to 90 
km altitude interval, all the rocketsonde wind data are presented here, if more 
than two observations were available. 

The monthly bivariate normal statistics are also plotted versus altitude 
in Figures 1. 1 through 1. 12 and Figures 2, 1 through 2. 12 for the KSC and VAFB 
locations, respectively. The figures associated with the proper tables ai'e 
printed on -.uccessive pages in this report. The reader may notice the erratic, 
unrealistic br* uvior of the parameters (especially R(uv) ] from time to time at 
these higher altitudes due to the low number of observations used. Erratic 
jumps, or spikes, noted in the figures between 27 and 28 km are due to the 
large decrease in data sample size (radiosonde to rocketsonde) that occurs at 
this level. 

At mid-latitudes in the northern hemisphere easterly winds prevail 
throughout the upper stratosphere and mesosphere during the summer months, 
while westerly winds dominate the winter months [ 5. g]. This seasonal upper 
level circulation pattern change is the result of the changing thermal structure 
of the upper atmosphere, which establishes an anticyclone over the northern 
hemispheric summer pole and cyclonic flow around its /inter pole. The transi- 
tion months of approximately April and September may exhibit a slightly differing 
and somewhat erratic structure of rocket measured winds because this is a time 
of the winter westerly's changing over into the summer easterly regime (or 
vice-versa) at these altitudes. A typical winter to summer change-over in the 
upper-level wind field at KSC is shown and discussed in Reference 7. Using the 
five parameters at azimuth o = 90 degrees, the statistics for any rotation of 
axes of the bivariate normal surface may be obtained [4]. 
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CONCLUSIONS 


Care must be exercised in deciding which is a "best” model for a random 
variable. The question is not "Do the data come from some specified distribu- 
tion?" because one can never be sure they do; but rather "Is some specified 
distribution a reasonable model for the description of the data?" If the physical 
constraints for the random variable are satisfied by a hypothetical distribution 
and after repeated sampling of this random variable it is found that the hypo- 
thetical distribution cannot be rejected by an appropriate statistical test, then 
one may reach the conclusion that this hypothetical distribution is an adequate 
model for the random variable under investigation. 

Wind velocity components are variables that are unbounded at both ends. 
This constraint is satisfied by the normal distribution w'hose domain is from 
minus infinity to plus infinity. The use of the Gaussian model has a number of 
advantages. For example, if the wind components u and v are normally 
distributed, the scalar wind, 

w - ( u 2 + v 2 ) ^ , 


has a noncentral chi distribution. From a theoretical point of view, this prop- 
erty of the normal distribution illustrates one of its many advantages as a 
statistical model to represent random variables. 

Winds-aloft information is presented in this report from o through 90 km 
altitude. Bivariate normal wind statistics involving wind probability .t.stribu- 
tions and statistics for any rotation of axes can be computed from the five given 
statistical parameters', u, v, S(u) , S(v), and R(uv) for a 90-degree flight 
azimuth, because it had been previously determined that the normal distribution 
provides an adequate model for wind components at KSC and VAFB. 

Bivariate normal wind statistics are also available from 0 to 27 km 
altitude for the Edwards AFB/NASA-Dryden Flight Research Center, California, 
as presented in Reference 8. The 28 to 90 km altitude Vandenberg AFB wind 
statistics given in this report can be used for the >27-km altitude region at 
Edwards AFB. 
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TABLE 1. 1. KSC BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

January 
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Figure 1.1. KSC bivariate normal wind statistics, 90 degree flight azimuth, 
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Figure 1.2. KSC bivariate normal wind statistics, 90 degree flight azimuth 
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Figure 1.3. KSC bivariate normal wind statistics, 90 degree flight azimuth 
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Figure 1.4. KSC bivariate normal wind statistics, 90 degree flight azimuth, 
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Figure 1.5. KSC bivariate normal wind statistics, 90 degree flight azimuth, 
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Figure 1.6. KSC bivariate normal wind statistics, 90 degree flight azimuth, 
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Figure 1.7. KSC bivariate normal wind statistics, 90 degree flight azimuth. 
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Figure 1.8. KSC bivariate norr. .a* wind statistics, 90 degree flight azimuth, 
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Figure 1.9. KSC bivariate normal wind statistics, 90 degree flight azimuth. 
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Figure 1.10. KSC bivariate normal wind statistics, 90 degree flight azimuth 
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Figure 1.11. KSC bivariate normal wind statistics, 90 degree flight azimuth. 
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Figure 1.12. KSC bivariate normal wind statistics, 90 degree flight azimuth. 
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Figure 2.1. VAFB bivariate normal wind statistics, 90 degree flight azimuth, 



TABLE 2.2. VAFB BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 
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Figure 2.2. VAFB bivariate normal wind statistics, 90 degree flight azimuth, 



TABLE 2. 3. VAFB BIVARIATE NORMAL WIND STATISTICS, 
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Figure 2.3. VAFB bivariate normal wind statistics, 90 degree lhght ?zimuth 



TABLE 2.4. VAFB BIVARIATE NORMAL WIND STATISTICS 
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Figure 2.4. VAFB bivariate normal wind statistics, 90 degree flight azimuth. 
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Figure 2. 5* VAFB bivariate normal wind statistics, 90 degree flight azimuth 
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, lfeure 2.6. VAFB bivariate normal v.ind statistics, 90 degree flight azimuth 
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Figure 2.B. VAFB bivariate normal wind statistics, 90 degree flight azimuth 
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TABLE 2. 10. VAFB BIVARIATE NORMAL WIND STATISTICS, 
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Figure 2.10. VAFB bivariate normal wind statistics, 90 degree flight azimuth 
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Figure 2.11. VAFB bivariate normal wind statistics, 90 degree flight azimuth 



TAlUiE 1!. 12. VAFB 1HVA1UATE NOKMAI. WIND STATISTICS 
90 DECREE FUCHT A7IMI Til 


Deft* mbo r 




















WIND COMPONENTS STANDARD DEVIATION CORRELATION COEFFICIENT 



l 


, * <¥*' 


m2 , 



REFERENCES 


Falls, 1,, \V. : Normal Probabilities For Cape Kennedy Wind Components- 
Monthly Reference Periods For All Flight Azimuths - Altitudes 0 .0 70 
Kilometers. NASA TMX-04771, April l(i, 1973. 

Falls, L. \V. : Normal Probabilities for Vandonberg AFB Wind Compo- 
nents - Monthly Reference Periods For All Flight A/inmtlis, 0- to 70-km 
Altitudes. NASA TMX-04897, .January 1975. 

Smith, O. F. : Vector Wind And Vector Wind Shear Models 0 to 27 km 
Altitude For Cape Kennedy, Florida, And Yandenberg AFB, California. 
NASA TMX-73319, duly 197(1. 

Falls, I.. W. and Crutcher, 11. 1.,: Determination of Statistics For Any 
Rotation of Axes of a Bivariate Normal Klliptieal Distribution. NASA 
T MX -04 595, May 11, 1971. 

Mitchell, 1.. V.: Variability of the Monthly Mean Zonal W ind, 30-110 km. 
AWS-TR-195, l’SAF-ETAC(MAC) , April 1970. 

1’heon, .1. S. , Smith, W. S. , Casey, .!. F. , and Kirkwood, B. R.: The 
Mean Observed Meteorological Structure and Circulation of the Stratosphere 
and Mesosphere. NASA TR R-375, March 1972. 

Turner, R. E. , .Johnson, I). 1.., and Gilchrist, L, p. : High Altitude 
Meteorological Rocket Wind Measuring Systems and Results Taken at 
Capo Kennedy, Florida. NASA TMX-t>4f>7S, March 30, 1971. 

Johnson, D. I., and Brown, S. C.: Ground Winds and W inds Aloft for 
Edwards AFB, California (1978 Revision). NASA TM-7S100, March J978. 



APPROVAL 


SURFACE TO 90 km WINDS FOR KENNEDY SPACE CENTER, 
FLORIDA, AND VANDENBERG AFB, CALIFORNIA 

By D. L. Johnson and S. C. Brown 


The information in this report has been reviewed for technical content. 
Review of any information concerning Department of Defense or nuclear energy 
activities or programs has been made by the MSFC Security Classification 
Officer, This report, in its entirety, has been determined to be unclassified. 


/, 


I f' ' A 

V-'- 1 L 




J> 1 * ■ 


ROBERT E. TURNER 

Chief, Environmental Applications Branch 


//■.' 




V ;# .r/ 

... /lu i a 


WILLIAM W. VAUGHAN 


/ Chief, Atmospheric Sciences Division 



CHARLES A. LUNDQUIS^ 
Director, Space Sciences Laboratory 



